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@ Method and system for controliing a vehicle-mounted air conditioner.

) A vehicle-mounted air conditioner includes a com-
pressor which, when powered by the vehicle engine, sup-
plies pressurized refrigerant to an evaporator to increase e £
its cooling capacity, a heating unit located downstream of
the evaporator and partially occupying the passage of air
cooled and directed toward vehicle interior by the evapora-
tor, and a mixing damper pivoted at a point upstream of
the heating unit to adjust the amount of cool air presented
thereto in relation to the air directed toward the vehicle in-
terior. The compressor is coupled to the engine when the
temperature in the vehicle interior indicates a demand for
a temperature decrement, or decoupled from the engine
when the interior temperature indicates a demand for a
temperature increment. A contro! system detects when the
compressor is switched from a first operating state to a
second state and initiates a timing action to measure the
elapse of time from the time of detection of the occurrence
N of the transient condition. A time-varying signal is generat-
ed when the measured amount of time reaches a predeter-
° mined value for controlling the mixing damper to gradual-
ly vary the amount of air presented to the heating unit in
° refation to the air directed to the vehicle interior.
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METHOD AND SYSTEM FOR CONTROLLING A VEHICLE-MOUNTED AIR
CONDITIONER

BACKGROUND OF THE INVENTION

-

The present invention relates to air conditioners,
and in particular to a method for operating a vehicle-
mounted air conditioner by conserving the energy of a
compressor that supplies pressurized refrigerant to the
evaporator. The invention also relates to a vehicle-
mounted air conditioner having a power saving compressor
control circuit.

Conventionally, vehicle-mounted air conditioners
comprise a compressor which, when powered by the vehicle
engine, supplies pressurized refrigerant to an evaporator,
a heating unit supplied with heated water from the engine -
'cooling system for heating air cooled by the evaporator,
and é mixing damper pivotally mounted upstream of the
heating unit to adjust the amount of cooled air presented
to ﬁhe heating unit in relation to the amount 5f cooled
air directed toward the interior of the thicle. The
compressor 1is controllably coupled to the engine output
shaft when the vehicle interior temperature demands an
increase in cooling capacity, or decoupled from the engine
when the interior temperature indicates that the cooling
capécity be decreased. Although this compressor control
strategy 1is advantegous in saving energy, there is an
undesirable sharp variation in the interior temperature

at the instant the compressor cperating state is changed.
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To overcome this problem Japanese Patent

. 54-12692 discloses a control system which involves

.the use of a temperature sensor located downstream of

the evaporator for sensing the temperature of cooled air.
The resistance of this temperature sensor increases when
the compressor is shut off and this increase in resistance
is detected by a comparator which in turn operates the
mixing damper in a directioﬂ that reduces the amount of

cool air presented'to the heating unit in relation to

the amount of cool air directed to the vehicle interior.

SUMMARY OF THE INVENTION

An object'of the present iQVention is to provide

a meﬁhod for controlling a vehicle-mounted air conditioner
which eliminates the need for a temperature sensor which
detects the temperature of cool air immediately dowhstream
of thg evaporator. .

- According to the invention, the control system
for the vehicle-mounted air conditioner initiates a timing
action in response to a detected transitory state of the
compressor as it switches from a first operating state to
a second state. This timing action is to introduce a
delay which corresponds to the time required for the
compressor to attain the second operating state. A reference
signal is generated when a predetermined amount of time

has elasped from the time the transitory state is detected.

)



-3 0032735

This reference signal varies in magnitude as a function of
time until it reaches a preselected voltage level and is used
to control the opening angle of the mixing damper so that

the amount of cool air presented to the heating unit is
gradually adjusted in relation to the amount of cool air
directed to the vehicle interior to thereby compensate for
rapid variation of the vehicle interior temperature.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be further described by way of
example with reference to the accompanying drawings, in which:
| Fig. 1 is an illustration of a blockbdiagram of an
embodiment accordiﬁg to the present inventioﬁ;
Fig. 2 is a schematic illustration of a flowchart
which describes the general routines of the microcomputer
of Fig. 1;
Fig. 3 is an illustration of a flowchart which describes
in detail the steps of the economy control routine of Fig. 2;
Fig. 4 is an illustration of a flowchart describing
the steps of the angle correction derivation routine of Fig. 2;
Fig. 5 is an illustration of a flowchart which describes
the steps of the angle adjustment routine of Fig. 2; and
Fig. 6 is an illustration of the reference signal

which is used to control the mixing damper of Fig. 1.
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DETAILED DESCRIPTION

In Fig. 1, a vehicle air conditioner and its related
control circuity are illustrated schematically as comprising
an air duct 1 in which an air blower'3, an evaporator 4
and a heater 6 are mounted in the order named from the
upstream side to the downstream side of the duct 1. The
duct 1 is provided with an air inlet opening la through
which outside air is introduced and a second air inlet
opening lb which is connected to the vehicle interior 8
by way of a recirculating duct lc. The downstream side
of the duct 1 i§ open to the vehicle interior 8 to supply
it with conditioned air. At the upstream side of the duct
1 is provided a switching damper 2 pivoted at 2a to select-
ively open the. inlet openings la and 1b in reéponse to
a mapual action. When the damper 2 is in a downward position
outside air is introduced into the duct and when in an upward
position the vehicle inside air is recirculated through
the duct 1. The air blower 3 provides a stream of forced
intake air to the evaporator 4 to cool it cowan to a low
temperature. An air mixing damper 7 is provided on the
upstream side of the heater 6 which is pivoted at 7a. The
angular position of the air mixing damper 7 with respect
to a reference 7b, which is parallel with the front face of
the heater 6, is controlled by a connecting'rod 7¢ connected
to an actuator 17.

An gi; compressor 5, selectively coupled to the engine

output shaft by an electromagnetic coupling 5¢, compresses
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refrigerant supplied from the evaporator 4, the compressed
refrigerant being supplied to a condenser 5a to liquefy

the pressurized refrigerant and thence to an expansion
valve 5b from which a liquid of low pressure and temperature
is supplied to the evaporétor 4., The refrigerant supplied
to the evaporator 4 absorbs the heat of the air supplied

thereto from the blower 3 and recirculates through the

" compressor 5 to repeat the process just mentioned.

The electromagnetic coupling or clutch 5c¢ is
controlled by a signal supplied from a drive circuit 18
which in turn takes its input signals from a microcomputer
14 in a manner as will be éescribed later. The microcom-
puter 14 also controls the actuator 17 by way of a valve
control circuit 16. More specifically, the actuator 17
includes valves 17b and 17¢c which are provided in a passage
17e one end of which is connected to an appropriate source
of vacuum 174 and the other end of which is open té the
atmosphere. The paésage 17e, which runs between the valves
17b and 17¢, is connected to the vacuum chamber of a vacuum
operated device 17a having its diaphragm connected to the
connecting rod 7¢c. The valves 17b and 172 are individually
controlled by signals supplied from the valve control circuit
16 which translates digtal signals from the microcomputer
14 into the respective valve control signals. The opening

of the valves 17b and 17c¢ are proportioned to regulate



10

15

20

25

0032735

the pressure in the vacuum chamber of the device l7§'to
adjust the angle e, of the air mixing damper 7 to regulate
thie amount of cool air presenéed to the heater 6. When
the angle Ga is minimum the air cooled by the evaporator

4 is all directed to the vehicle interior 8 and when ea is
maximum a maximum amount of cooled air is directed to the
heater 6. The temperature of air directed into the vehicle
interior is thus regulated by the mixture ratio of-cool,
and warm air controlled by the damper 7.

" An analog-digital converter 13 takes its analog
signals from various sensing elements including a temperature
sensor 9 lpcated in the vehicle interior 8, an opening angle
sensor 10 which is éonnectgd to the connecting rod 7c, and
a temperature sensor 10 located outside of the vehicle body
to sense thé ambient temperature. A temperature setting
circuit 12 is also connected to the converter 13 to establish
a reference temperatufe to which the temperature of the
air-conditioned vehicle interior is controlled. The micro-
computer 14 receives the digitally converted signals from
the converter 13 to control the drive circuit 18 and the
valve control circuit 16 in a manner as will be described.

The microcomputer 14, which is programmed according
to the control algorithm of the present invention, is
supplied with a stablized D.C. voltage from a power supply

(not shown) including a vehicle battery. The microcomputer
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14 is any one of conventional designs fabricated on an
LSI chip which includes a read only memory in which the
various steps of temperature control algorithm are stored.
The operation of the microcomputer 14 will now be
explained with reference to the flowcharts shown in Figs.
2 to 5. The microcomputer 14 is ready to start executing
the programmed control steps at l-millisecond intervals
as soon as it is energized by the operating voltage. The
first step executed by the microcomputer involves an \
initializing routine in which timer data T is set to "1".
This initializing routine is followed by a step 100 in
which "1" is substracted from the timer data T so that
T becomes equal to 0. The T=0 condition is detected in
a decision step 200 so that it is followed by a routine
300 in which the angle Oy of the air mixing damper 7 is
calcﬁlated on the basis of digital data supplied from
the A/D converter 13 fepresenting the sensed temperature
signals from the sensors 9 and 11, angular position
signal from the sensor 10 indicating the actual position
of the damper 7 ahd temperature setting signal from the
circuit 12. This calculation is executed by using a
predetermined formula into which the digital outputs of
the converter 13 are substituted. The angle calculation
routine 300 is followed subsequently by an economy

control routine 400 in which, as will be described in
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greater detail with reference to Fig. 3, the microcomputer
detects whether there is a surplus in cooling capacity
of the air conditioner using the damper opening angle data A
(which corresponds to ea) and the wvariation rate of interior
temperaturé Tr with respect to the temperature setting Ts
and proceeds to generate an ON-OFF control signal to the
compressor drive circuit 18.

The economy control routine 400 is followed by a
calculation routine 500 in which, as will be described in

greater detail with reference to Fig. 4, @ correction angle
ec is calculated from a time data representing the amount
of time élapsed from the deactivation of the compressor 5.
Subsequently, the timer data T is sét to "100" in a step 600.
When the program control subsequently reaches the
step iOO, the timer data T is decreased to T=99, so that
in the following step 200, a "no" decision route is taken
to a damper opening adjustment routine 700. Therefore,
during a subsequent 100 millisecond interval, the damper
adjustment routine 700 is recyclically executed at 1-
millisecond intervals to make adjustment of the angle o
of the damper 7 based on the angle data eM, eC and A,
as will be described in detail with réference to Fig. 5.
At the termination of the 100-millisecond interval,
the timer data T becomes zero, which is detected in the
step 200. Thus, the routines 300, 400, 500 and 600 are

subsequently executed in succession to update their damper
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angle data. The above described process will be repeated
to effect on-off control for the compressor 5 and angle
adjustment of the air mixing damper 7 so that the interior
temperature Tr reaches the setting value Ts.

The detail of the economy control routine 400 will
now be described with reference to Fig. 3. 1In a step 401
the amount of deviation AT of the interior temperature Tr
from the setting value Ts is detected. The microcomputer
then proceeds to detect whether the angular position of
the damper 7, as represented by data A, is such that the
cooling power of the air conditioner is at a_maximum.
This cdndition corresponds to the angle daia A being
equal to zero.and ié detected in a sfep 402, If A=0 is
de£ected, the compressor é is activated in a step 403 by
apply;ng a turn-on control signal to the compressor drive
circuit 18. 1In a step 404, transient timer data N is set

to a maximum value Nmax and in a step 405 the previous

temperature deviation AT, is replaced with the most recent

-deviation AT which was detected in the step 401.

If the damper opening is other than zero degrees,
a step 406 is executed to detect whether the temperature
deviation AT is positive. The step 406 is followed by a
step 407 in which the temperature deviation AT is compared
with a predetermined value "a" representing a deviation

limit in order to detect whether the temperature variation



10

15

20

25

- 10 -

0032735

falls within a preselected range set by the limit data "a",

If the temperature deviation is detected as falling within

" that ranéé:'program control goes'to a step 408 to detect

whether the most recent temperature deviation AT is smaller
than the previous deviation ATO, and if so, a step 409 is
executed whereby the compressor 5 is deactivated. Following
the step 409, the previous deviation data ATO is replaced
at step 405 with the most recent deviation data AT which
was used in the steps 406 to 408. | i
If the temperature deviation is negative, a "no"

decision_r?ute is taken from the step 406 to the step 409
to turn off the compressor 409. When the temperature
deviation T is gréater than the preset limit "a", a "no"
decision route is taken from the step 407 to the step 403
to activate the compressor 5. If the temperature deviation

T ié greater than the previous deviation Tyr @ "no"
decision route is ‘taken from the step 408.to the step 405
whereby the operating condition of the compressor 5 remains
unchanged.

Referring to Fig. 4, program control proceeds with

a step 501 in which the operating condition of the comp-
ressor 5 is checked. If the compressor 5 is operating,

the damper angle correction data,_,,eC is set to zero in a
step 502 and if the compressor 5 is detected as "not

operating” in the step 501, the program control proceeds to

- 10 -
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a step 503 to check to see if the transient timer data N,
is equal to zero. If N=0 is not detected, the timer data
N is decreased bv "1" in a step 504 which is followed by
a step 505 to check to see if N is smaller than Ny which
represents a point in time for starting a transient
correction for the damwer 7. If this starting point is
still not reached, the correction clear step 502 is
executed. When the correction starting point is reached,

the angle correction data 6, is calculated in a step 506

C
using a formula 6. = b(N0 - N), where b is a constant.
If N=0 is detected in the step 503, an "yes" decision
route is taken to a step 507 the angle correction data
eC 1s set to eo 0-

It will be appreciated from the foregoing that as

which equals bN

the steps of Fig. 4 are recyclically executed, the angle

correction value ec is heldrat zero from time t0 at which

the compressor 5 is turned off to time tl which corresponds

to the timer data N_.and the correction is started at

time t by gradually increasing 6, as a function of time

C

until it reaches 60 as seen in Fig. 6. The correction

value ec is held at 80 until the compressor 5 is turned on.

The interval between times t, and tl is selected to
correspond to the time during which the compressor 5 is
still operating under its own rotary inertia so that the

angle correction may start at appropriate timing.

- 11 -
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Referring to Fig. 5, the damper adjustment routine
700 comprises steps 701 to 707. Starting with the step
7G1, the microcomputer 14 reads in the damper angle data
A detected by the sensor 10 and proceeds to the step 702
to .derive a reference angle value © by subtracting the
correction value eC from the value'eM which was derived
in the calculation routine 300, Fig. 2. In subsequent
steps 703 and 704, the angle value A is compared with
an upper limit & + ¢ and a lower limit © - o to detect
whether the damper angular position falls within a
hysteresis range set by o above and below the reference
©. If the angle value A is detected as falling within

the hysteresis range, a delay interval is introduced by

holding the angular position to prevent the damper 7

from swinging one both sides of the reference value 8,

a phénomenon known as "hunting”. This holding operation
is effected in the step 705. If the angle value A.is
detected as being greater than the upper limit 6 + o

in the step 703, a "no" decision route is taken to the
step 706 to decrease the opening of daﬁper 7, and if

it is detected as being smaller than the lower 1imit

© - o the step 707 is executed to increase the damper
opening. The damper control signals are therefore
generated in the steps 705, 706 and 707 and supplied on

separate conductors from the microcomputer 14 to the

- 12 -



10

15

20

25

- 13 -

00327235

valve control circuit 16 which in turn controls the
damper actuator 17 in accordance with the instructions
éiven by tﬁéisfepsr705, 706 and 707.

It is noted therefore that when the air conditioning
operation is initiated during the summer season, the
steps 401, 402, 406, 407 and 403 are followed in the
economy control routine 400, Fig. 3, to activate the
compressor 5, and in the correction angle calculation
routine 500, the sfep 502 is exeéuted to set the angle ,
correction data eC to zero before the step 600 is executed.
Subsequently, in the damper adjustment routine 700, the
damper 7 is adjusted in accordance with -the calculated

angle data &, derived in the routine 300 to decrease the

M
vehicle interior temperature Tr toward the reference
setting Ts. As previously described, the damper adjust-.

ment routine 700 is recyclically executed at l-millisecond

“intervals during the interval of 100 milliseconds and

subsequently the routines 300 to 600 are executed to

update the angle data eM and 6, for subsequent angle

C
adjustment routine 700.

In this way, the interior temperature Tr approaches
the setting value Ts and therefore the temperature deviation
T falls within the tolerance +a and, if AT is smaller

than AT the steps 402, 406 to 409 are followed to turn

Ol

off the compressor 5. The decision made at step 501 is

- 13 -
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thus switched to "yes" and the steps 503, 504 and 505

are successively executed to clear-the correction data ec.
Upon the turn-off of compressor 5, a delay interval of

a few seconds is introduced before transient temperature
corrective action is taken. During this delay interval
the steps 503, 504, 505 and 502 are recyclically executed
to decrease N from Nmax to NO' whereby the decision

made at step 505 is switched to "yes"™ to execute the step

506 to initiate the transient temperature correction by

recyclically executing the steps 503, 504, 505 and 506

to generate angle correction data ec. The amount of correction

increases as a function of time so that the damper 7 is swung

toward the maximum cooling side, or reference angu;fr'
position 7b.

When.N=0 is detected at subsequent step 503, the
correction data ec is set to 80 at step 507 before.the
routine 600 is executéd,

As a result, the interior temperature Tr increases
with a resultant increase in the deviation value AT. When
this deviation value AT exceeds the tolerance "a", "no"
decision is made at step 407 to.activate the compressor 5
at step 403. After setting the correction timer data N to
N at step 404 and replacing the previous deviation

max

data ATO with the most recent deviation data AT, the

microcomputer then proceeds to the step 501 and thence to

- 14 -
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the step 502 to clear the correction data eC.
During the above-described sequence of steps,
compressor operation is shut off for as long a period as
possible in the economy control routine 500 to reduce the
amount of energy consumed by the compressor 5. In response
to the compressor 5 being shut off, a temperature transient
corrective action is initiated to gradually increase the
amount of the air cooled by the evaporator 4 which is
directed toward the vehicle interior 8. Thus, a rapid

variation of interior temperature is prevented.

The above described embodiment shows only one

~r ,

example of_tﬁis invention. Other forms of the invention
are apparent to thase skilled in the art. For example,

analog electronic circuits or wired logic circuits could
equa;ly be és well employed to accomplish the essence of

the present invention.

- 15 -~
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WHAT IS CLAIMED IS:

1. A method for controlling a vehicle-mounted air
conditioner having an evaporator for cooling air directed
toward the interior of the vehicle, a compressor controllably
coupled in the presence of a control signal to a prime mover
of the vehicle for supplying pressurized refrigerant to said
evaporator to increase its cooling capacity of decoupled in
the absence of said control signal from said prime mover to’
decrease the cooling capacity of said evaporator, a heating
unit located downstream of said evaporator and partially
occupying the passage of said cooled air for directing'warm
air toward said vehicie interior, and means for adjusting the
amount of said cooled air presented to said heating unit
relativg to the amount of said cooled air directed to said
vehiéle interior, comprising the steps of: |

a) measuring the amount of time elapsed from the
instant when said compressor is changed from a first condition
in which the compressor is coupled to said prime mover to a
second condition in which the compressor is decoupled from said
prime mover, or when said compressor is changed from said |
second condition to said first condition; and

b) controlling said adjusting means to gradually
vary the amount of said cooled air presented to said heating
unit as a function of time when said measured amount of time

reaches a predetermined value.

- 16 -
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2. A method as claimed in claim 1, wherein said
adjusting means is a damper pivotally movable between
a first position in which the amount of said cooled air
presented to said heating unit is at a minimum and a
second position in which said presented air is at a maximum,
and wherein the step (b) comprises:

generating a reference signal of which the magnitude
varies gradually as a function of time from a first level
toa second level when said measured amount of time reaches
said predetermined value;

converting the angular position of said adjusting - -
means relative to said first position into a corresponding
angular position signal;

detecting whether said angular position signal is
greater or smaller than the instantaneous value of said
reference signal; and

causing said adjusting means to move its angular
position toward said first or second pésition respectively
when said angular position signal is detected as being
greater or smaller than said instantaneous value, or holding
the angular positian of said adjusting means when said
angular position signal approximately corresponds to said

instantaneous value.

- 17 -
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3. A method as claimed in claim 1 or 2, further
comprising the steps of:

c) detecting when the temperature of said vehicle
interior is lower or higher than a preselected value; and

d) coupling said compressor to said prime mover
when said vehicle interior temperature is detected as
being higher than said preselected value, or decoupling
said compressor from said prime mover when said vehicle

interior temperature is detected as being lower than

said preselected value.

4. A control system for an air Eonditioﬂer mounted

in a motor vehicle having an evaporator for cooling air
directed toward the inte?ior of said vehicle, a compressor
operable to supply pressurized refrigerant to said
evaporator, means for controllably coupling said compressor
to a prime mover of éaid vehicle to increase the cooling
capacity of the evaporator or decoupling said compressor
from said prime mover to decrease the cooling capacity

of the evaporator, a heating unit located downstream of
said evaporator and partially occupying the passage of
said cooled air directed toward said vehicle interior

for directing warm air toward said vehicle interior, and

a damper pivotally movable between a first position in

which said coolied air presented to said heating unit is

- 18 -
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at a minimum and a second position in which said presented
air is at a maximum, comprising:

first means for measuring the amount of time
elapsed from the time when said compressor is changed
from a first condition in which the compressor is coupled
to said prime mover to a second condition in which the
compressor 1is decoupled from said prime mover or when
said compressor is changed from said second condition to
said first conditidn; and

second means responsive to said measured amount
of time reaching a predetermined value for gradually
varying the angular position of said damper to compensate
for a rapid variation of said vehicle interior temperature.
5. . A control system as claimed in claim 4, wherein
said second means comprises:

means for generating a reference-signal of which
the magnitude varies gradually as a function of time from
a first level to a second level when said measured amount
of time reaches said predetermined value;

means for converting the agnular position of
said damper relative to said first position into a cor-
responding angular position signal;

means for detecting whether said angular position’

signal is greater or smaller than the instantaneous value
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of éaid reference signal by a predetermined amount to
generate a first or a second control signal, respectively;
and

means for moving the angular position of said
damper toward said first position in response to said
first control signal and moving said damper toward said

second position in response to said second control signal.

6. A control gystem as claimed in claim 4 or 5,
further comprising: |

means including a temperature sensor located in
said vehicle interior for detecting when the temperature
of said vehicle interior is lower or higher than a pre-
selected value; and

means for causing said coupling means to decouple
said compressor from said prime mover when said vehicle
interior temperature is detected as beiﬁg lower than said
preselected value or causing said coupling means to couple
said compressor to said prime mover when said vehicle
interior temperature is detected as being higher than

said preselected value.

- 20 -
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